We review the Korean cloning scandal involving Woo Suk Hwang. We document the nature of the disaster and suggest reasons why it occurred. We highlight the general problems it raises for scientific research and offer 6 possible ways to improve practice based on this case:
cultural norms can cause ethical controversy and scientific misconduct. A fine recent example is the Korean cloning scandal.
The Korean scandal starts with Woo Suk Hwang. Hwang was raised in South Chungcheong Province in a mountain town. He worked on a farm to finance himself through high school.
His commitment to study was rewarded when he graduated from Seoul National University as a veterinary scientist. After gaining his PhD, Hwang worked as a veterinary researcher before his desire "to help solve some incurable human diseases" 1 led him to therapeutic cloning using human embryonic stem cells. His early achievements included the creation of questions regarding his funding sources and recruitment of egg donors 5, 6 . In response, Hwang and Shin Yong Moon declared that they did not consider the KBA neutral because it advocated "restricting the pace of biomedical advancements" 7 .
Between suspension of his research and the new Korean Biosafety Act becoming law, Hwang collaborated with Gerald Schatten, a primate researcher at the University of Pittsburgh. Using techniques for extrusion of oocyte DNA developed by Hwang, Schatten successfully cloned the first monkey embryos. Though a live birth was not achieved, Schatten's group developed embryos to the blastocyst stage from which it is possible to extract stem cells 8 . The success was seen to be validation of techniques that Hwang developed for somatic cell nuclear transfer (SCNT).
On the 13 January 2005, Hwang's research became the first to be approved under the new Biosafety legislation. Soon after resumption of his research, Hwang told Park and Schatten that four of six SC colonies he had created were infected with Fungi. Park oversaw implementation of preventative measures but did not officially report the incident 9 .
Allegedly, Schatten urged Hwang to publish anyway since SCs had "clearly been produced" 10 and just five months later Hwang submitted his second ground breaking paper 'Patient- . The images were not in the original submission but submitted later by Schatten in response to a request for supporting evidence. In response to the weight of mistrust that surrounded Hwang's research the University of Pittsburgh opened an investigation in to Schatten's role in the affair. An investigation by Seoul National University (SNU) quickly followed at Hwang's request 13 .
Scepticism abounded after Schatten expressed doubt as to the scientific value of the paper.
Asking for his name to be removed from the paper, he stated that new information and reevaluation of data "casts substantial doubts about the paper's accuracy"
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. . But these, together with ambition, also created an environment for disaster.
Hwang met with many pressures but few constraints; the choices he made at each juncture made his decline inevitable. The Machiavellian desire for "community recognition and prestige" 25 in modern science cannot be underestimated nor easily mitigated.
How Common Is Research Misconduct?
We do not know but it may be more common than many initially presume, particularly if one includes scientific misbehaviour (see Author Responsibility) as introduced by the University of Pittsburgh. In fact, there is evidence of systematic scientific misconduct even in heavily regulated research environments. In a survey of NIH researchers 1.5% admitted to falsifying or plagiarising data 
Part II. Pressures Facilitating Misconduct 1. Funding and publication
Funding directs, if not dictates, science because without funding research cannot occur.
Publication provides investors with information regarding the researcher's capabilities and therefore there is great pressure to publish. Funding-advantage is gained from how far up the journal hierarchy one publishes. The Research Assessment Exercise in the UK implements selective funding for universities -but there is suspicion that the publishing journal is "given greater weight than the papers' content"
29
. Ground-breaking papers are more likely to secure a major journal; attract more public and/or commercial interest and be favoured by investors.
Researchers are likely to feel pressure to exaggerate their capabilities or the possibilities of their research. There is a fine line between exaggeration and deception.
The majority of funding comes from Governments, companies and private investors.
Companies have a specific interest in the funding research that could improve their profit margins. Pressure from investors does influence research: an NIH survey revealed 15.5% of respondents admitted to altering their research approach under pressure from funding sources 26 . Barnes investigated whether a scientist's affiliation affected research conclusions. 106
passive-smoking review articles published between 1980 and 1995 were analysed; 37% concluded passive-smoking was not harmful. Of these 74% were written by tobacco-affiliated authors -only 2 tobacco affiliated researchers concluded passive smoking was harmful.
Barnes found to 95% confidence that conclusions related to the affiliation of the author 30 . . However, it now seems that Hwang ignored these protocols but he, and perhaps IRB members, knowingly gave the impression that they were being adhered to. Hyun and Jung's concern was first raised by the discrepancy between the timeline for egg and somatic cell donations and the timeline necessary for Hwang to produce data for 
Problems In Science Raised By Woo-Suk Hwang's Research
Hwang's research raises many general problems related to scientific research, related verification of results, the validity of peer review and authorship. However, here we concentrate on the ethical issues raised by this research.
Journals
Magnus and Cho argue that journals must be satisfied with the ethical conduct of researchers 45 . Whether journals have the resources to evaluate the ethics of a paper is questionable. The Hinxton Group encourages journals to "require a statement from scientists that their research conforms to local laws and policies" 46 .
Author Responsibility
The ethical issues surrounding Hwang are still contentious and the number of authors on a single paper makes it unclear where responsibility lies. The link between publications and funding means it is common practice for anyone, even vaguely, involved with research to be a co-author. Additionally, lead authors may not be the most significant person in the research;
as exemplified by the current case surrounding 'Dolly the Sheep' which has striking similarities to Schatten being second-author on Hwang's 2005. For the last ten years, Dr Ian
Wilmut has been widely credited with the successful creation of 'Dolly' via SCNT-cloning.
However, a recent legal hearing forced him to admit that he was only the lead author because of a prior agreement and that Professor Keith Campbell deserved 66% of the credit 47 .
Additionally, it appears that much of the work was done by two technicians, Bill Ritchie and It is also ethical misconduct to appear as an author when no significant practical or theoretical contribution has been made. The Pittsburgh investigation panel "We have no reason to doubt the Schatten's statement to us that his major contribution to the paper was a suggestion that a professional photographer be engaged, so that Snuppy would appear with greater visual appeal. It is less clear that this contribution fully justifies co-authorship" 50 . The University of Pittsburgh panel found Schatten guilty of 'research misbehaviour' 51 and chided him for his failure to take greater steps to ensure the veracity of Hwang's data 52 . Schatten received $40,000 from Hwang, including $10,000 for appearing at a press conference 50 . It may be that
Hwang used Schatten to give credibility to his research in the west. As Dr Weissmann said:
"Everyone wondered how Schatten got to be the senior co-author, but his vouching for Hwang made it a little more likely" 53 . One way to regulate the treatment of donors is through donor databases, as in organ donation.
Failure of Education and Monitoring of Research Conduct
The donor database of the website www.ovadonation.or.kr may be the first step to such a system, but it is worrying because the details regarding donation are unclear -at least to these authors at this time given that only scant detail is available in English. The website could act as a depository which licensed researchers can use to approach women willing to donate. This would be advantageous in preventing women from donating more than the legal number of times and ensuring that a suitable time is left between procedures. The woman, once contacted, would become a 'research donor' and go through the IRB approved informed consent procedures. One risk of a publicly accessible database is that it could be used by a private 'oocyte procurement' company. Ambiguity surrounding the website highlights the need for regulation of not just research but tissue donation.
Possible Solutions

Education
Hwang's case highlights the numerous threats to ethical integrity faced by scientists today.
Good research is dependent on good ethics and education is the foundation stone to ensure that researchers understand their responsibilities. Ethics should be compulsory in biological degrees. It should deal with practical aspects of research: justifying the use of and working with vulnerable groups; informed consent and rights of participants. Those working with human subjects should take appropriate courses and satisfactorily demonstrate relevant knowledge. This education should be renewed every few years in light of the constant evolution of science.
Independent Monitoring and Validation
A scientific and ethical review committee without conflicts-of-interest should have been able to highlight the ethically questionable aspects of Hwang's research proposal. Thus, ethical assessment independent of, and in an environment separated from, the researcher is essential.
However, this assumes that Hwang's proposal detailed the methods he intended to use.
Without auditing research to ensure guidelines are adhered to scientists have free-reign once approved. Hwang was able to ignore the protocols he drew up with Jung -not even asking donors to sign IRB approved consent forms 59 . Many now suggest on-site monitoring by IRBs is appropriate 42 . Magnus and Cho suggest this IRB should be independent of that approving the research 39 . Additionally, where applicable, suitable agencies could keep patient samples for independent analysis and ensure that cell lines are submitted to an international depository for validating 46 .
Guidelines on Tissue Donation
Donors should be carefully and ethically selected; and currently, it would be ethically advantageous to use donors who would not benefit from prospective treatments. It may also be beneficial to set-up a donor register to ensure proper regulation of this aspect of research.
Healthy donors should be protected by ethical guidelines, just as patients are in clinical research. Science should work towards reducing the misconceptions surrounding SC research.
Debate Ethically Contentious Research
The question of whether to publish unethical research has arisen before with reference to Nazi experiments. Many suggest that there should be limits on what is published. Much Nazi 'research' had no scientific value and was a simple disregard for human dignity; however, some was important. Dr Epstein used results of his research to help children recover from Noma (orofacial gangrene) 60 -the scientific worth of unethical experiments should not be lost. To prevent distribution of scientific credit, unethical research could be published anonymously. If excessive time was spent debating a paper's ethical quality originality could be lost and this would be disadvantageous to both journal and author. 
Establish an International Ethical Code of Practice
It seems unlikely that global consensus on SC research will soon be reached. To facilitate discussion, the 'Hinxton Group' calls for legal clarification with regard to SC research[ers].
There was consensus that scientists should be free to conduct ethically defensible research in a country where such research is legal. The group is developing a website where scientific and ethical protocols can be deposited so that collaborating scientists can conform to a common set of protocols appropriate to both jurisdictions and available to public scrutiny 46 .
The Group's move toward documenting ethical and scientific policy in its global context is an important step towards establishing global standards of ethical review. What is perhaps urgently needed is a set of "gold standard" ethical procedures which has international credibility. The Declaration of Helsinki and other international guidelines articulate general principles but are poorly placed to address in detail rapidly emerging, complex areas of research, such as egg donation.
Foster Public Involvement through the Web
Much of the detail surrounding Hwanggate was first brought to the fore on online forums. For example, it was a post on the BRIC website that first addressed image duplication in Hwang's 2005 paper. However, there was also much debate about "whether someone should inform Science" 15 . Filing charges of scientific misconduct can be a dangerous business, as the press shows whistleblowers often pay a high price for their actions. This is largely because we feel that wrong-doing should be reported it, yet we are uneasy with the act of 'abusing' another's trust to do so 61 . Although whistleblowers have done a good deed in removing bad science from the public domain the knock on effects of their action damage not only the perpetrator but the organisation with which they are associated. The costs of whisteblowing can be high 62, 63 . It is thus understandable, if not defensible, that companies are less likely to employ someone known to have been a whistleblower. The exposure of Hwang highlights a way in which this can be done effectively while protecting those acting in good faith -in the anonymous medium of the internet. A website, or 'blog', dedicated to discussion of dubious research practices would facilitate the exposure and hopefully reduce research misconduct.
The exposure of Hwang took many posts to build momentum and gain credibility, and in this way would prevent the website from being abused by bad-faith bloggers. The web is the new police and conscience.
Another form of novel ethical oversight using the internet and public involvement would be to make research protocols, patient information and consent forms publicly available on the net. Clearly, commercial interests would need to be protected and key parts of the research anonymised but it is possible in principle for the ethically relevant details to be disclosed without divulging details of novel substances or procedures. It is the risks and benefits which are important for the ethics, not the nature of the intervention or its commercial advantage or value.
Concluding Comments
Evidence suggests that Hwang was originally a pioneering scientist, and nuclear extrusion techniques he developed have furthered cloning research. However, the extreme pressures of his work environment complemented by lax implementation of ethical policy and his ambition led Hwang to make grossly unethical decisions that compromised his integrity.
Hwang personifies the fact that good science requires good ethics.
No amount of education, guidance, review and oversight can stop a determined and talented person who wants to commit fraud. Good rules can detect bad cheaters, but not good cheaters.
The vast majority of scientists are men and women of the highest integrity who sacrifice significant parts of their lives for the pursuit of knowledge to benefit others. Perhaps, we must also prepare ourselves for the next Hwanggate and protect the science that overall serves us so well.
Thanks to Ruth Faden for valuable comments. However, any unused oocytes can be used for the treatment of anonymous patient(s), who is (are) not related to you.
WEB ON LY
You will be interviewed on your medical history upon enrollment, and several gynecological tests such as pelvic examination (manual examination of female reproductive organs) and ultrasound examination (ultrasonography) may be given. According to the legal/regulatory requirement, several laboratory blood tests such as hepatitis test, ADIS test, and syphilis test are required to determine whether you can participate in the study.
Information for Oocyte Donation for Therapeutic Cloning Research
In order to retrieve oocytes, you will undergo a procedure to induce 'over-ovulation' (normal ovulation is one per menstruation cycle) and collects many oocytes at once. 'Over-ovulation' refers to the procedure to speed up the growth of several ovarian follicles (where an oocyte is nurtured) by the hormonal injection. More specifically, the hormonal injection starts at 2 ~ 3 days after the onset of menstruation, and continued for 7 ~ 10 days. Matured ovarian follicles can be seen using ultrasonography, and doctor(s) will determine the exact timing of extraction procedures.
For the retrieval of oocytes, you may need to undergo general anesthesia (insensibility to general sensation with loss of consciousness). While you are unconscious, oocytes will be retrieved via needle under the guidance of ultrasound (a special vaginal probe resembling a tampon will be inserted into your vagina). During this retrieval process, you shall not feel any significant pain other than discomfort related to the general anesthetic procedures. The procedures are conducted typically in the morning. Therefore, you should not eat breakfast since anesthetics sometimes could cause vomiting in some people. Under the doctor's observation, you may return home in 2 ~ 3 hours after the procedure.
We would like to emphasize that there could be unknown risks associated with this procedure.
The major discomfort prior to the donation is related to the blood collection for several preliminary tests, which may cause pains, bleeding at a lesion site, vein infection or other types of general infection. In addition, during the over-ovulation procedures, injected hormones may bring known side effects or symptoms such as headache, nausea, hyper-sensitivity, blood clots, and flare at an injected site. During the oocyte retrieval, anesthetic agents that are injected for the general anesthesia may cause side effects such as nausea and vomiting. If you have not been sexually active, it is possible that 'hymen' (thin membrane near the vaginal opening; you may or may not have it regardless of your sexual history) could be damaged. If you found that you are pregnant or suspect possible pregnancy during any stages of participation, please inform the researchers as soon as possible, and stop the participation. Whenever suspicious or unusual symptoms occur, you may seek the help/medical attention from the physician-in-charge or clinical investigators immediately. There may be other side effects, although not described above or forecasted. If present, please report to your physician-in-charge immediately. All the procedures will be explain to you again when you are scheduled for meeting with initial consultation, and you may ask detailed questions for all the procedures at any point during this study.
In case you are donating 'surplus' oocytes for in vitro fertilization (in IVF procedure), there will be no additional discomfort/procedures other than IVF procedure itself. In any circumstances, oocytes will not be collected in excessive amount against your intention, and oocytes can be donated only with the prior written intention/consent for the donation. Other than that, after the donation, equal right and rules applies to all donors.
With the successful completion of this project, a new therapeutic cloning method may help others in the future. Accordingly, the potential benefits/commercial value, including the intellectual property, may rise from the outcome from this research. However, it is important to inform you that any immediate medical breakthrough cannot be promised by any means. In addition, we would like to inform you that you cannot reserve, file, or claim any right on the outcome of the research activities resulting from this donation.
During and after the study, all the medical records and identifiable information that are associated with you will be securely protected. If the experimental results are disclosed in academic journals, textbook, or other form of publications, the identity of the donor will be strictly classified and protected. 
